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Abstract: The use of a structurally variable combustor is one of the most effective methods to improve the
performance of a rocket—based combined—cycle (RBCC) engine over a wide operating range. Aims to study the
matching between the combustor and the inlet/exhaust of a variable geometry RBCC engine at low inflow Mach
numbers via full flow path of three—dimensional numerical simulations. Furthermore, focus on the feasibility of
using a variable geometry combustor to carry out a steady secondary fuel combustion organization in ramjet mode.
Under the inflow condition of Ma=3, the engine performances were studied based on the rocket—ramjet and pure
ramjet combustion mode, and the transition of the engine from the rocket-ramjet mode to the pure ramjet mode
was obtained in the variable geometry ram combustor. Concluding remarks are summarized as: (1) In the rocket
ramjet mode, the primary rocket has obvious positive effects on improving the secondary fuel combustion efficien-
cy and results in a higher ramjet specific impulse. Matching of the combustor and inlet/exhaust has been realized

under the rocket-ramjet mode. (2) In the rocket ramjet mode, improvement of the engine performances prefers a
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concentrated fuel injection rather than a dispersed injection through isolator section and pylons. In the pure ram-

jet mode, the specific impulse of the full flow path increases by 14.5%, compared with in the rocket-ramjet

mode, despite the decrease of ram specific impulse by 10.2% due to a worsen combustion efficiency.

Key words: Rocket—based combined—cycle; Variable geometry; Combustor; Ramjet mode; Numerical

simulation; Combustion performance
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Fig. 1 Variable inlet configurations
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Table 1 Parameters of the RBCC configurations under
Ma=3 inflow condition
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Fig.2 Variable geometry combustor configurations
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Fig. 3 Variable geometry nozzle configurations
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Fig. 4 Numerical simulation validation through measured

pressure
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Table 2 Operation condition parameters

m el Oxygen/  Equivalence Injection scheme

Case

(kg/s)  fuel ratio ratio strut+pylon 1+pylon 2
1 0.12 2.6 1 0.0+0.6+0.4
2 0 - 1 0.0+0.6+0.4
3 0.12 2.6 1 0.2+0.4+0.4
4 0 - 1 0.2+0.4+0.4
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Fig. 5 Comparison of the pressure along inner flow path in

different operating modes
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path in different operating conditions
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Fig. 7 Comparison of the Mach number along inner flow

path in different operating conditions
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Fig. 8 Comparison of the Ma>1 field of the engine in different operating conditions
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Fig. 9 Comparison of the combustion efficiency along inner

flow path in different operating conditions
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Fig.10 Comparison of the total pressure recovery coefficient

along inner flow path in different operating conditions
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Table 3 Performances of engine in different operating

modes under Ma=3 inflow condition

Case F. /N F. o oa/N FIN J— I /s
1 3960 322 4282 1277 1001
2 819 0 819 264 264
3 3876 322 4198 1250 982
4 3554 0 3554 1146 1146
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